Clinical presentation
The hands are aVected, alone or with other sites, in 80-90% of occupational cases. The arms can be involved if not covered, and the face and neck are aVected if there is exposure to dust or fumes. Cement workers often have lower leg and foot dermatitis in addition to hand changes. Allergy to rubber chemicals can cause dermatitis from rubber gloves or boots. Some workers develop "hardening", an adaptive tolerance to irritants or allergies.
Occupational dermatitis appears at any age but peaks at each end of working life. In bakers and hairdressers, dermatitis appears early. In cement workers, chromate dermatitis requires a few years to develop. Cumulative irritant dermatitis appears after several years' exposure. In the diVerential diagnosis, contact dermatitis caused by non-occupational exposure and endogenous eczemas need considering. Often occupational dermatitis is multifactorial, with irritants, allergens, endogenous factors, and secondary bacterial infection all causally involved.
Theoretical basis of patch testing
The patch test was first devised by Jadassohn in 1895 and described in practical detail by Bloch in 1929. 8 The immunological basis of the patch test is the type IV (cell mediated or delayed) hypersensitivity reaction. In this, specifically sensitised T lymphocytes have secondary contact with the antigen, which is usually in the form of a hapten conjugated with a protein and presented on the surface of an antigen presenting cell (APC). In the skin, the main APCs are the Langerhans' cells and these are mainly located in the epidermis where they form a network. Langerhans' cells are bone marrow derived dendritic cells that are richly endowed with surface receptors including the major histocompatibility class II antigens (for example, HLA-DR) and T cell receptors that are important for antigen presentation. On encountering an antigen and displaying it on their surface, Langerhans' cells leave the epidermis and migrate to the regional lymph nodes. On presentation of the antigen by the Langerhans' cell to the mainly CD4+ Th-1 type T lymphocyte, there follows a cascade of release of cytokines that produces T cell activation and the recruitment of other non-antigen specific T cells and macrophages to the site, with the result that the reaction and the degree of inflammation is amplified.
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Cytokines important for the reaction include interleukin (IL)-1, IL-2, IL-3 and interferon. Once the reaction gets going most of the inflammatory cells at the site are not antigen specific, although to initiate the reaction antigen specific cells are essential. The inflammatory reaction reaches its peak at 72 hours and is manifest clinically in the patch test reaction as a localised area of eczema. After 3-4 days, immunological mechanisms downgrade the reaction and it gradually fades away.
In common with most other aspects of medicine, there is evidence that genetically determined factors influence the immune response and hence the ability of an individual to become sensitised and mount an allergic contact dermatitis reaction. Those wishing a detailed discussion of the current immunological theories are referred to Xu et al.
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Comparison with other methods of diagnosis
An in vitro test for contact allergy, using peripheral blood that contains T lymphocytes as well as blood monocytes as APCs, has been available for 30 years. The lymphocyte transformation test (LTT) relies on the presence in the peripheral blood of suYcient numbers of circulating Th1 cells specifically sensitised to the allergen in question to be able, when presented with the antigen by a suitable APC, to initiate proliferation of lymphocytes. In the up-to-date models of the LTT, purified fraction of lymphocytes are used and the APCs, usually blood monocytes or Langerhans' cells Figure 1 Contact dermatitis of the hands in a dental technician who wore rubber gloves during some of his work. He was found on patch testing to be allergic to the thiuram chemicals, found in rubber as accelerators. derived from epidermal suction blisters, are recombined with the T cells. The proliferation of the lymphocytes is measured using the incorporation of tritiated thymidine to give a stimulation index.
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Although the LTT has the attraction of being a blood test and does not require the patient to attend the clinic three or four times, as is needed for patch testing, the LTT is not an easy test for a laboratory to provide; this is because it is labour intensive, needs to be done on a regular basis to provide reliable results, and can only practically be used for one or two antigens, whereas patch testing can be used to assess up to 100 or so allergens. For the moment the LTT remains a research based investigation and the patch test, which uses the patient's biological system, remains the only practical method presently available for assessing cell medicated allergy. The sensitivity and specificity of patch testing is 70-80%.
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Methodology and practical problems
Taking a history
It is particularly important to enquire about past and present occupation (that is, possible contact with industrial allergens or irritants), hobbies (for example, contact with plants or animals), cosmetics, and current and previous treatments (potential medicament allergies-for example, to hydrocortisone). All patients are counselled regarding the reason for testing before patches are applied (usually it is to investigate the possibility of an allergic cause or contribution to their dermatitis or eruption).
The possible side eVects are explained: irritation on the back from the presence of the patches, the production of an excessive reaction, the worsening of the dermatitis in a number of cases, and the potential that they may rarely be actually sensitised by the process of testing. In view of the latter, it is important that only relevant substances are tested. This will be decided by taking a history. All patients are given written information about what to expect from the procedure and given a contact number to telephone if anything untoward happens.
Series to be tested
This will depend upon the patient's complaint but can be summarised as follows:
Standard series-All patients are patch tested to a standard set of allergens, such as the International, European, North American, or British Contact Dermatitis Group (BCDG) standard series. These include a wide variety of substances found both in the industrial and domestic settings (boxes 2 and 3).
14 Some patients will also need to be tested to additional preservatives or vehicles-for example, if they use cosmetics or work with coolants. A medicament series is sometimes applied to any patient who has received any form of topical steroid or antibiotic treatment. The standard series will pick up about 80% of allergens.
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Hand dermatitis-Usually the standard series, possibly with additional preservative, vehicle and medicament series, depending on the patient's occupation. The patient should be tested to any additional substances that they bring along, appropriately prepared if necessary.
Hairdressers-Hairdressers with an occupational dermatitis usually have hand involvement. They are tested to the standard, and in addition they receive the hairdressing series. It is not usual to patch test with the hairdressing chemicals which the hairdresser may bring, as they will not be in the appropriate dilutions and most of the chemicals in the appropriate concentrations are already in the hairdressing series.
Plant reactors-Subjects who are suspected of reacting to a plant-for example, housewives, florists, or gardeners-are tested to the plant series in addition to the standard series and possibly other allergens as appropriate.
Metal workers-Metal workers make tools and also undertake lathe work. They are exposed to mineral and coolant oils. They need testing to the standard, preservative, and vehicle series and also to the oil and cooling fluid series together with extra preservatives. They should also be tested to their own coolant oils. These will need to be diluted at 50% and 10% (in acetone if the oil is a (non-water soluble) mineral oil, in water if it is a water soluble oil). The preparation of the dilutions should be undertaken by a Bakers and cooks-In addition to the standard series, bakers and cooks are tested to the bakery series and perhaps to additional preservatives and flavourings.
Foot dermatitis-Workers may be allergic to protective footwear. In addition to the standard, patients with foot dermatitis are tested to the shoe series and often to the clothing and dye series as well.
Workers exposed to plastics-In addition to the standard, these patients are tested to plasticiser and glue series, after checking the chemicals to which they are exposed.
Clothing or dye reactions-Some patients may react to protective clothing. The sites of these reactions are usually under the arms, around the waist or in the groin, but they can be anywhere on the parts of the body covered by clothes including the arms and legs. Black or dark blue clothes are the usual culprits. In addition to the usual standard, the clothing and dye series is also applied. If any particular piece of clothing is suspected, then a 2 cm diameter square of the material should be applied using Scanpore tape to the back.
Rubber glove reactions-Patients who have reacted to rubber gloves need to be tested to the standard series and possibly to preservative, vehicle, and medicament allergens if they have had any form of topical treatment or used hand creams. In addition, they could be tested to the rubber series, although this is often applied at the time of the two day reading when one has had the chance to see if the rubber mixes have come up. These patients should also have had a radioallergosorbernt test (RAST) to latex and may also need prick testing to latex. Also, they can be tested to a piece of glove and lining of glove applied to surface of the skin (in 2 cm squares on Scanpore).
Testing of patients' own products
Hand care products, such as emollient creams, can usually be applied "as is". Soaps should not be tested. Industrial chemicals should only be tested if the material has been handed in before patch testing, and the data sheets have been examined by the dermatologist and the materials sent to the pharmacy with the appropriate forms. Cleaning materials and substances of unknown composition are never tested. Potentially irritant or toxic chemicals should not be tested as they can burn a hole in the patient's back. This includes fluxes, caustic chemicals, solvents, acids, and alkalis.
Reading the patch test reactions
The materials to be patch tested are placed on 8 mm Finn chambers on Scanpore tape, and then fixed on the upper back (fig 2) , taking care to make a note of the location of the tested allergens. The patches are left on for two days. They are then removed, marked, and read with another reading at four days: these are the optimal timings. 16 The biggest problem in reading patch tests is to diVerentiate irritant reactions (which have no diagnostic value) from allergic ones (fig 3) . Certain substances are known to produce irritant reactions easily-for example, carba mix, fragrance mix, wool alcohols, glutaraldehyde, and benzoyl peroxide. Patients with atopic eczema often produce irritant reactions to nickel sulfate, cobalt chloride, and potassium dichromate. Liquid soaps, even if diluted, can produce irritant changes. There are a variety of types of irritant reactions-some can look identical to allergic reactions. The recognised convention for recording patch test reactions is as follows:
+/− doubtful: faint erythema only + weak: erythema, maybe papules ++ strong: vesicles, infiltration +++ extreme: bullous IR: irritant At the time of the four day reading, the results and their relevance, if any, are explained to the patient. Information sheets are given. Occasionally patients may develop a "late" reaction-for example 1-3 weeks after the patches were applied. Gold salts particularly cause this. If the reaction occurs 2-4 weeks after application, this may indicate that sensitisation has occurred. If a late reaction develops, often re-patch test after a suitable period (for example, four weeks) is arranged as it may be diYcult to decide exactly which allergen produced the late reaction.
Testing for immediate (type I) hypersensitivity
Some proteins and chemicals provoke immediate urticaria. The release of mast cell histamine or other mediators may or may not be IgE mediated. Pruritus, erythema, and whealing Figure 2 Multiple patch tests are applied to the back during the course of patch testing. The tested materials, purchased in an appropriate concentration (mostly diluted in petrolatum) for testing (or specially prepared for this purpose), are applied to 8 mm diameter aluminium Finn chambers mounted as a series of 10 chambers on Scanpore tape. These patches are left on for two days, removed and read, and then read again after another two days (that is, four days after first being applied). Education * appear within minutes and last a few hours. Occupational contacts include latex in rubber gloves, foods (for example, fish, potato, eggs, flour, spices, meats, and numerous fruits), balsam of Peru (a perfume and flavouring agent), and animal saliva. Contact dermatitis may coexist. Latex contact urticaria is currently a major problem in healthcare workers and in others who wear latex gloves.
18
Prick testing detects immediate (type I) hypersensitivity and is mediated by the antigen triggered IgE mediated release of vasoactive substances from skin mast cells. Small drops of commercially prepared antigen solutions are placed on marked areas on the forearm and pricked into the skin. The sites are inspected at 15 minutes and a positive result is regarded, by convention, as one showing a wheal of 4 mm or greater. Patients should have stopped antihistamines 48 hours before the test. Prick tests show some correlation with RAST, which detects allergen specific IgE, but neither test is completely reliable. The risk of anaphylaxis is very small, but resuscitation facilities, including adrenaline (epinephrine) for intramuscular injection and oxygen, are mandatory.
Patch testing and the management of occupational dermatitis
The management of contact dermatitis is often diYcult because of the many and often overlapping factors that can be involved in any one case. It is essential for the physician to understand what the worker actually does in his or her job and a workplace visit may be helpful. The identification of any oVending allergen or irritant is a major objective. Patch testing helps identify the allergens involved, if any, and is particularly useful in dermatitis of the hands, face, and feet. The exclusion of an oVending allergen from the environment is desirable, and if this can be achieved, the dermatitis may clear. However, most cases of occupational contact dermatitis are of mixed aetiology, and elimination of an allergen may not produce full resolution because there are often irritant and/or endogenous factors at play as well.
It can be diYcult to eliminate fully all contact with ubiquitous allergens such as nickel or colophony. Similarly, irritants can be impossible to exclude fully. Some contact with irritants may be inevitable because of the nature of certain jobs, but industrial hygiene often can be improved. Unnecessary contact with irritants should be limited, protective clothing worn (notably polyvinyl chloride (PVC) gloves), and adequate washing and drying facilities provided. Barrier creams are seldom the answer, although they do encourage personal skin care. 19 Topical steroids (moderately potent or potent) help to suppress contact dermatitis but are secondary to avoidance measures.
Prevention and prognosis
Reducing the contact time between the skin and noxious substances is the aim. It is achieved by improved work practices (for example, increased automation), substituting an alternative (for example, PVC instead of rubber), the provision of protective clothing, and by the worker taking better care of the skin. Recognising an occupational disease may highlight faulty work practices that can be corrected. Compensation may be due. With regard to prognosis of individuals with occupational dermatitis, it is often not good. A Swedish study showed that only 25% of 555 individuals with occupational dermatitis healed completely over a 10 year period, and the prognosis was no better in the 40% who changed job. 20 
